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Executive Summary

Aquatic vegetation in the permanent ponds within the Province Lands region of Cape
Cod National Seashore was survdyleom July-August of 2007. A long-term monitoring
protocol was desigukfor repeatd samplng at permanent sites withid of the ponds.

In addition,25 ponds (includhg the former) were selederd inventoriel for species

presence/absencd limit suit of environmental variables was also collected.

During this study, two State-Lisdleare speciesCrontium aquaticum ard Carex
oligosperma) were confirmd and new sites found. A handful of exotic species were
also detected. Plant community composition agqonds differs primarily baseon the
relative abundances of three dominant speeigmphaea odorata (white waterlily),
Juncus militaris (military rush), ad Decodon verticillatus (water willow). Species
richness was highly variable angpponds ad relatel to pord pH ard organic matter
content. More specifically, ponds with higher pHldess OM, which may be
representative of ponds that are younger in age, harbored moréexall, species
richness was very similar to that of dune klaetlands- the ephemeral wetlands

scatterd throughout the dunes region of Provincetowd aruro.

In general, the methodology develdgder this study was fouhto be very workable in
the field. A few relatively minor difficulties were encounterand solutions and
improvements are discuskbelow. However, it is expectethat this protocol will

generate good quality data for this ecosystem type.



Introduction

Description of resource

Much of the northernpiof Cape Cd is a vast system of sdmlunes known as the
Province Lands. This region of the Cape @geninsula began formg ~6,000years ago
as erodig sediments from the Atlantic-fawy coastal bluffs were transpodeorth and
re-depositd by longshore currents. Shinom the elongatig spit was then blown inland
to widen the spit ashform the characteristic haf Provincetown. Topographic
depressions were cayeut by wnd scour over time ahsubsequent sea level rise,
which forcel the fresh grouwhwater table upwards, has resdlia the seasonal or
permanent floodip of some of these depressiortsuman activities, incluaig the
construction of roads which can impede horizontal flow may have also cordributes
pondirg in this area (Winkler 1990).

The permanently flooakeponds in this region of CACO differ from kettle ponds on
the glacial outwash plaithat arose from depressions made by blocks of glacial ice.
Kettle ponds are very deeompare with the Province Lands pond#n fact, Province
Lands ponds are true ponds (in the sense that they are shallow enough to support rooted
vegetation throughout their extent) while most of the kettle ponds are technically lakes.
Like kettle ponds, however, the Province Lands ponds are an important natural resource

at CACO. They contribute to the aesthetic beauty of the region and are, of course,



important ecologically.Within these waterbodies, aquatic plant communities thrive in an
otherwise desert-like environment. They are one of the last refuges on the outer Cape for
several uncommon plant species such as carnivorous pitcher pldstsdews.In

addition, they are critical habitat for the reproductiod survival of invertebrates,

amphibians (includigthe state-threatedd=astern Spadefoot Tdard Fowler’s toads),

ard other wildlife. Thus, it is importantaunderstad the structure ahfunction of these

ponds ad how they are developgover time in order to better predict the future of this

resource ahto guide management decisions.

Threats and rationale for long term monitoring

Any major change in hydrology calihave a significant impact on these ponds,
particularly if the town of Provincetown ever deadse extract groud water from town-
owned parcels of lath within the pak boundary. Continuel development is also a
concern, bringigwith it various threats to water qualityn fact, Winkler (1990)
reporta that Duck ad Bennett Ponds may have already been affdaydeachate from
the nearby Provincetown landfilBroader threats include many aspects of global
warming, especially changes in temperaturel (aarefore evaporation) diprecipitation
quantity and quality.

Biological threats include invasions of exotic specieghrum salicaria (purple
loosestrife) has already invati€reat Pod - it was not present ih977accordimg to
Benedict (1977). The exotic strainkiragmites australis (common reed) also occurs in

several ponds and has the potential to spréambther biological threat includes



herbivory by Canada geese, which is thougltet the reason for the dramatic decline in

Orontium aquaticum (golden club), a State Threatdrspecies.

Objectives of monitoring

In accordance with the National R&ervice’s Inventory & Monitorig program to
devel® species inventories @mmplement monitorig protocols for all ecosystem types
within Pak units, the mai objectives of this wérwere b survey ad quantitatively
assess plant communities in Province Lands pondssv@ACO for the purpose of
analyzng long term temporal trendsThe wok summarizd in this report provides a
baseline assessment of vegetation, a model for subsequent surdeyteraplate for

future analysis of change.

M ethods

Sudy area - The area of study for this project was within the Beech Forest area of the
Province Lands (Provincetown). Withihis forestd community there are numerous
permanently-flooded, but relatively shallow ponds that support rooted aquatic vegetation

throughout their extentFigurel below shows the location and form of these sites.
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Figure 1. Ma of PLands ponds (Aprd001 aerial photo from MassGIS).

i) Establishment of transects and box-plots for assessment if vegetation - Fifteen ponds
were randomly seleatidrom amorg 30+ ponds in the Province Lands Beech Forest
Area. These includeLily 1, Lily 2, Grassy 1, Grassy 4, Grassy 6, Bennett, Little
Bennett, Pasture 1, Pasture 3, Pasture 4, P26, Clapps, ClapjpslRGlapps Rouh3,

ard Great. Withi each pod in this subse permanent 20-m transectsdab00 nd (10 x
10m) box-plots were establishedl'o do this, locations were randomly seletfeom
arourd the perimeter of the pdrusirg ArcGIS 9.1 software. In the field, two PVC pipes

were hammered into the pond bottéhm apart and roughly parallel with the shoreline



at each locationThe pipe was plackin emergent vegetation a few meters pondwér
the shrub zone due the difficulty of workirng in the dense woody vegetation without
causng significant damagefit. There are also some non-trivial safety issues ktate
moving aroun in this kind of environment. The rationale for worgioutside the shrub
zone was that the encroachment or retreat of the shrub bodtgpeames composition
could still be trackd by measurig any changes in its distanaethe landwat side of the
box plots (this is explaimefurther below). Looking out pondward, the left poles
designatd the start points for each transect while both the leftight poles marke the

landwad corners for each box-plot. See Fig@ror a diagram of the set up.

i) Transect and box-plot vegetation surveys - Cover by species was estinatesually in
contiguous 1-rmplots alowy the length of the 20-m transectSover classes were based

on a modifiel Braun-Blanquet scale (1=0-1%, 2=1-5%, 3=5-10%, 4=10-25%, 5=25-50%,
6=50-75%, 7=75-100%. Plant cover by species was assisg® same manner in the

10x 10 m box-plots. Finally, the distance from the “base” of the box plot (i.e., the
landwad edge) ¢ the shrub layer was measdnesng a two meter stick. Stargat the

left point, the distanceotthe nearest overhamg) vegetation was measurat meter

intervals alog the landwad edge of the box-plot (Figure 2). If vegetation crosis¢o

the box plot, it was recorded as a negative distance.
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Figure 2. Diagram of transect and box-plotupah PLands ponds.

iii) General speciesinventories - A system-wide survey &5 ponds was condudes a

way to compile more complete species lists (inventories) for eaathgoce the transect
ard box-plot areas constitute a small portion of the porgites adde to the original 15
discussd above were, Lily 3, Clapps Radi, Grassy 2, P05, P20, P23, P24, P25, Duck,
ard Pasture 2. At each pond, the plants present in the baydérimb zone ahall

emergent, floating, ahsubmerge plants within the ponds themselves were identified
ard recorded. In addition each species was cladsiieAbundant (relatively large
numbers of plants; constitute at least 10% of the total vegetation cover), Common

(frequently observed, but not in large numbers; constitute 1-10% of the total vegetation



cover), Uncommon (obserdenfrequently but in populations of£0 individual plants;
constitute < 1% of total vegetation cover), or Rare (present, but only as a few (< 10)
individual plants).Finally, the general habitat type of the plant was noted by category
(Shrub Zone, Emergent Vegetation Zone, Shrub Island, FipBtg Mat, or Floating

Vegetation Zone).

iv) Transect depth profiles— Water depths (recordeo the nearest cm) were taken
manually (usag a markel PVC pole) at meter intervals alppach 20-m transect in June.
To accurately compare depths arggonds with data colleadeat different times, water
depth was repeatedly monitdrat a single location (Lily 1) so that a rate of recession
could be calculatd ard applied as a correction factor to compensate for the temporal

staggerig of data collection.

V) Sediment properties - Sediment cores were extratfeom alorg each of th&0m
transects. Three cores were takeEbdm depth) at 5m, 10m, dd5m alomy each of the
five vegetation transects agia 4.8-cm diameter butyrate cylinder with a sharpened
edge. The cores were then transpartad to the lab ad dried at 80°C b a constant
weight. For particle-size fractionation, sedimen2 mm was separatiout by sieving
ard the remaimgwas further siewe in an automatic shaker@iractionate into six
categories; 2mm, 0.54 mm, 0.25-0.5 mm, 0.1-25mm, 0.05-01 mm, am <0.05 mm.
Each fraction was weighdeard composite with the others. Sub-samples of the
homogenizd samples (€ mm) were then analyddor organic matter content by

weight-loss after ignition in a muffle furnace #hrs. at 500°C.
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vi) Water quality — surface water pH drconductivity were measudence in August

alorg each transect ugjrtalibratel hand-hed digital meters (Oakton™).

Satistical analysis - Non-metric multidimensional non-metric scag(NMDS) of

summel cover class values were frequentlydiseillustrate taxonomic differences

amoryg ponds (Clarke 1993). Similarity Percentages Analysis (SIMPER) qudnktiée
contribution of individual species Bray-Curtis dissimilarities amangroups (Primer™

ver. 6). While Principle Components Analysis (PCA) is best déoteanalyzing
continuous, linear data, the technigue can bd tes#ustrate the contributions of

individual variables to patterns of ordinal data. Accordingly, multivariate datasets were
subjecte to PCA in orderd reveal variables contribugnmost b directional trends in
ordinal space Univariate data was assedsesing regression analysis@analysis of

variance (ANOVA).

Reaults

Species richness (transectsy- Along the transects, species richness was highly variable,
rangng betweer22 (Clapps Roud 1) ard 2 (Little Bennett) with an average @fspecies

per pond.Species richness in the box-plots was very similar, ranging be®@{€Happs
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Round 1) and 2 (Little Bennett, Pasteur), and averaging 8 species per pond. Not
surprisingly, the meander surveys generated higher numbers of species in every pond. A
total of 88 vascular plant species were found in all ponds, although several identifications
require re-examination (Appendix ). Clapps Round 1 and Lily had the highest number

of species (37) while P05 had the lowest (14). These numbers are remarkably similar to
dune slack wetlands (seasonally flooded) in the Province Lands, where species richness

ranged between 2 and 35 with an average of 11 species per wetland (Smith et al. 2008).
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Rare and exotic species - A number of non-native species were recorded. They were
Lythrum salicaria (purple loosestrife; Great diuck Pond),Phragmites australis
(common reed; Clapps Rodih,2,3, Duck, Grassy 1, Grassy 6, Little Bennett, Pasteur
1)), Typha angustifolia (narrowleaf cattail; Great driily 1 ponds)]ris pseudacorus
(yellow flag; Lily 1 pond),Rosa multiflora (multiflora rose; Duk pond), and
Potomogeton crispus (curlyleaf pondweed; Great pondJ-or State-Listd rare species,
Orontium aquaticum (golden club) was only listkas bemng present in Lily 3, despite its
known presence in a number of other ponflsis is mostly likely due to timig as
Orontium emerges ahflowers in the early spraqn(May) am can be quite inconspicuous
by July. Utricularia subulata (Zigzag Bladderwort; Special Concern) was recatde
P05, P23, ah P24 but this ID needs confirmation (in 2008) as d&kmcharisrostellata

in Duck, P05, ant P20 (spike rush; Watch List)Carex oligosperma (Few-fruited sedge;
State Threatened) was falim a few more ponds (Grassy 1, Bennett, Clapps &®un
than what were originally listein a previous rare-plant report (LeBtbh989). Finally,
one species not currently listé the current CACO database of vascular plants was
recorded. This waBotomogeton crispus (curlyleaf pondweed), which, as mentioned

above, is an introdudespecies.

Vegetation Structure

Taxonomic variability among wetlands
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i) Transects — Great Pond was very different than any other pond due to the high
abundance of. angustifolium andL. salicaria. With Great Pond excluded from the
analysis, the spatial array of ponds in ordinal space showed that Clapps and Clapps
Round 1 were taxonomically distinct from the other ponds, which were spread out in
gradient fashion. Differences among ponds were primarily the result of different

abundances ddecodon verticillatus andNymphaea odorata.
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Figure 5. Transect taxonomic diversity angpponds (Great Panexcluded).

i) Box-plots— Species composition in tH® x 10 m box-plots exhibitd a spatial
arrangement similaotthat of the transects, with Clappsda@lapps Roud 1 separating
out from the other pondsThe cover ofluncus miltarius, Nyphaea odorata, ard Decodon

verticillatus accounted for the highest proportion of dissimilarity among ponds.
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Figure 6. Box plot taxonomic diversity among ponds (Great Pond excluded).

When presence/absence data from pond-wide species lists (compiled for the larger set of
ponds) is plotted, Great and Clapps Ponds still fall out from the rest (Figure 7). P05, P16,
and Lily 1 are also separated from the cluster of remaining ponds.
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Figure 7. Taxonomic diversity based on presence/absence — meander survey (many graminoid
species lumped to genus).
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Structural variability among wetlands - The summer cover class values of shrubs,

floating vegetation, and to a lesser extent trees is presented for transect and box-plot data
in Figures 8 and 9, respectively. The vast majority of vegetation along transects
consisted of either herbaceous forbs or graminoids. However, it is important to note that
these data are primarily the result of how the transects were placed (i.e., pondward of the

shrub zone due to the difficulty of working in the shrub vegetation)
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Environmental variables - The organic matter content of soil cores was highly variable
among ponds, as was bulk density (Figure 10a). Little Bennett, Clapps Round and
Pasteur Ponds had the highest percentage of organic matter in the soil cores (> 50%)
while Clapps Round had the lowest (< 5%). Compared to the dune slacks wetlands in
this area, the ponds had more than an order of magnitude greater OM content (Smith et
al. 2008). Bulk densities ranged between 0.09 y(Gtapps Round 3) and 0.63 gftm

(Clapps Round 1) (Figure 10b). These patterns illustrate the inverse relationship between
organic matter content and bulk density, which are inversely related. Sediment particle
size fractionation yielded somewhat less variable results (Figure 10c). The median
particle size among ponds exhibited a much narrower range, with Grassy 1 having the

lowest and Clapps Round 3 the highest (Figure 10d).
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Surface water pH readings (average of 5 readings at each transect location, once
during August) showed that the ponds were all quite acidic with pH values ranging
between 3.84 (Bennett) and 5.86 (Clapps Round 3), with an average value of 4.95 (Figure

11).
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Mean values for the deepest points along the 5 transects in each pond are shown in
Figure 12. The largest value (i.e., deepest) occurred in Clapps Pond (104 cm), the lowest
(i.e., shallowest) in Lily 2 (54 cm). Mean maximum depth averaged 74 cm among all

ponds.
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Pond areas varied by a factor of ~ 80, ranging between 0.21 ha (Clapps Round 2) and

17.6 (Great) (Table ). However, most ponds fell within a range of 0.5 — 5 ha.

Table . Pond areas in hectares (calculated in ArcGIS 9.1).

Pond area (ha) Pond area (ha)
Bennett 1.98 Lily 1 2.22
Clapps 17.6 Lily 2 1.63
Clapps Round 1 0.41 Lily 3 1.76
Clapps Round 2 0.21 Little Bennett 0.95
Clapps Round 3 0.56 P26 0.62
Grassy 1 2.3 Pasture 1 2.88
Grassy 4 0.91 Pasture 2 0.97
Grassy 6 0.54 Pasture 3 1.27
Great 5.04 Pasture 4 1.53

Relationships among variables

Regression analysis was dga an attemptaexplain patterns of species richness.
Unlike dune slak wetlands (seasonally flooded) within the Province Lands area (Smith
et al. 2008), no relationghbetween species richness (box-plot datd)amd area or
transect water depths were fal(frigure 13). However, there was a significant negative
correlation between species richness @rganic matter content of soil cores (Figure 14).
Species richness also dectingith decreasig surface water pH (Figure 14). Organic
matter content generally increases while pH declines with veedige (Berendse et al.
1998). Thus, these relationships may reflect successional processes where, in the absence
of any major disturbance, yogito intermediate-ageponds harbor more species than
older ones (Glenn-Lewin 1992, Guo 1998) . If the pH differences are due simply to

inherent physico-chemical properties of each pond the relationship makes sense given
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that species richness is typically lower under harsher (i.e., low pH) growing conditions

(Whittaker 1974, Lichter 1998).
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Discussion

Anecdotally, the protocol describabove workd fairly well ard is expecté to

provide god quality long-term data on the vegetation wittiie Province Lands ponds.

Of course, future surveys with a comparison of datasetassociate power analyses

will provide critical information about the methods of monitgrand variables included.

Thus, any conclusions made about this work are somewhat premidtivethstanding,
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much of the monitorigdesign was baseon practical experience éiessons learned
from studies of similar wetlands systems, inclgdiettle Ponds (Roman et al. 2001,
Roman ad Barrett 2004, Smith et al. 2008),davernal ponds (Roman dmBarrett 2004,

Tupper 2006, Smith et al. 2007).

Problems encountered and recommendations for future monitoring

Some areas of certain ponds simply dodt be exploré in a way that di not
seriously compromise the safety of thedietew. For example, a large portion of Clapps
Pord is comprise of floating peat mats (“quakig bogs”) which are extremely unstable
ard in some places virtually impenetrable due to the density of shAga. result, the
field crew coudl only survey vegetation that they cdgkee ad access from the edge of
the open water portion of the pon@hus, an unknown number of species were not
recorded at sites like thes&his is not necessarily a major shortcogwf the monitoring
protocol because the focus of long-term monit@is more on temporal trends than on
characterizig entire pod communities athassessag variability amormy ponds durig a
single point in time.Another problem relates to the seasonality of certain té&ar.
example Orontium aquaticum is a species that is very conspicuous in May but difficult
to detect by July.Various orchil species also have short periods of flowgalfter which
they are difficult 6 find. However, these few species comprise a minute portion of the
overall plant communities.

Finally, water level is a critical factor reguladithe abundance of many species,
particular herbaceous taxa (Smith et al. 200%9.such, subsequent monitagishould

take place in a year when water levels are relatively similar to those measured in 2007.
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In reality, however, this may be a very difficult guidelinddllow. As such, it may be
advisable to transform abundance data into presence/absence as a way to reduce the
influence of year-to-year water level fluctuations.

In conclusion, this wdk provided baseline quantitative data on the vegetation of
Province Lands ponds tserve the needs of lgiterm monitoring.The real value of this
study will become apparent when subsequent vegetation surveys are dioemporal
trends can be elucidated. This wabbbve been very useful in the past given that some
major changes in certain species have occurred. For example, thdeepie of
Orontium aquaticum ard the proliferation of.ythrum salicaria are two trends that,
unfortunately, were never documeshtpiantitatively. As such, the timelines over which
these changes occudrare unknown.t is expectd that long-term monitorgwill
capture such developmentBecause they can happen in relatively short time periods, it
is recommend#®that the next Province Lands ponds vegetation surveys be conducted
every five years.The surveys shodlbe done in the exact same manner so that an

analysis of methods divariables can be undertaken.
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Appendix I. Species list compiled for Province Lands ponds in 2007 (asterisks denote
dpecies identifications that are suspect and need confirmation).

Acer rubrum
Amelanchier arborea
Betula populifolia
Boehmeria cylindrica
Brasenia schreberi
Calamagrostis canadensis
Carex oligosperma
Carex sparganioides *
Cephalanthus occidentalis
Ceratophyllum demersum
Chamaedaphne calyculata
Cladium mariscoides
Clethra alnifolia
Decodon verticillatus
Drosera intermedia
Drosera rotundifolia
Dulichium arundinaceum
Eleocharis acicularis
Eleocharis obtusa
Eleocharis olivacea
Eleocharis palustris
Eleocharis parvula
Eleocharis pauciflora
Eleocharis robbinsi
Eleocharis robbinsi
Eleocharisrostellata *
Eragrostis hypnoides *
Eriocaulon aquaticum
Eriocaulon septangulare
Eriophorum virginicum
Euthamia graminifolia
Gratiola aurea
Euthamia sp.

llex glabra

llex verticillata

Iris pseudacorus

Juncus acuminatus
Juncus articulatus
Juncus bufonius

Juncus pelocarpus
Juncus militaris

Kalmia angustifolia
Ludwigia palustris
Lyonia ligustrina
Lysimachia terrestris
Lythrum salicaria
Mentha arvenss
Myriophyllum humile
Nymphaea odorata
Nyssa sylvatica

Onoclea sensihilis



Orontium aquaticum
Osmunda regalis
Photinia melanocarpa
Phragmites australis
Pogonia ophioglossoides
Pontederia cordata
Potamogeton crispus
Potamogeton epihydrus
Rhododendron viscosum
Rhynchospora alba
Rhynchospora capitellata
Rhynchospora fusca
Rosa multiflora

Rosa palustris

Slix nigra

Sarracenia purpurea
Schoenoplectus acutus
Schoenoplectus subterminalis
Scirpus cyperinus

Sum suave

Smilax rotundifolia
Solanum dulcamara
Sparganium americanum
Sparganium angustifolium
Sphagnum spp.

Soiraea alba

Spoiraea tomentosa
Thelypteris palustris
Typha angustifolia
unknown grass
Utricularia cornuta
Utricularia subulata
Vaccinium corymbosum
Vaccinium macrocarpon
Vallisneria americana
Woodwardia virginica
Xyrisdifformis

Zizania aquatica
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Appendix Il. Coordinates for transect/box-plot sites. Locations are the middle point
between left and right box-plot markers (UTM NADS3).

Pond Site ID Xcoord Ycoord
Bennett BNT-1 400696 4657021
Bennett BNT-2 400785 4656936
Bennett BNT-3 400804 4656917
Bennett BNT-4 400871 4656919
Bennett BNT-5 400895 4656980
Clapps CL-1 399704 4656140
Clapps CL-2 399893 4656509
Clapps CL-3 400064 4656463
Clapps CL-4 399620 4656236
Clapps CL-5 399616 4656299
Clapps Round 1 CR1-1 399968 4656940
Clapps Round 1 CR1-2 399926 4656932
Clapps Round 1 CR1-3 399986 4656916
Clapps Round 1 CR1-4 399880 4656992
Clapps Round 1 CR1-5 399921 4656974
Clapps Round 3 CR3-1 399818 4656838
Clapps Round 3 CR3-2 399913 4656819
Clapps Round 3 CR3-3 399842 4656792
Clapps Round 3 CR3-4 399866 4656774
Clapps Round 3 CR3-5 399910 4656788
Grassy 1 GR1-1 401784 4658080
Grassy 1 GR1-2 401831 4658146
Grassy 1 GR1-3 401946 4658025
Grassy 1 GR1-4 402033 4658072
Grassy 1 GR1-5 401970 4658109
Grassy 4 GR4-1 402206 4657888
Grassy 4 GR4-2 402189 4657904
Grassy 4 GR4-3 402158 4657945
Grassy 4 GR4-4 402086 4657912
Grassy 4 GR4-5 402119 4657885
Grassy 6 GR6-1 402016 4657946
Grassy 6 GR6-2 401946 4657967
Grassy 6 GR6-3 402030 4657885
Grassy 6 GR6-4 401974 4657910
Grassy 6 GR6-5 401956 4657930
Great GRT-1 400855 4657746
Great GRT-2 400662 4657577
Great GRT-3 400764 4657781
Great GRT-4 400587 4657743
Great GRT-5 400693 4657797
Lily 2 L2-1 401036 4658098
Lily 2 L2-2 400947 4658064
Lily 2 L2-3 401007 4658141
Lily 2 L2-4 400917 4658154
Lily 2 L2-5 400859 4658113
Lily 1 L1 401092 4658008
Lily 1 L2 401025 4657922
Lily 1 L3 401163 4657890

Lily 1 L4 401196 4657948



Lily 1

Little Bennett
Little Bennett
Little Bennett
Little Bennett
Little Bennett
P26

P26

P26

P26

P26

Pasteur 4
Pasteur 4
Pasteur 4
Pasteur 4
Pasteur 4
Pasteur 1
Pasteur 1
Pasteur 1
Pasteur 1
Pasteur 1
Pasteur 3
Pasteur 3
Pasteur 3
Pasteur 3
Pasteur 3

L5
LBNT-1
LBNT-2
LBNT-3
LBNT-4
LBNT-5

P26-1

P26-2

P26-3

P26-4

P26-5

PST4-1
PST4-2
PST4-3
PST4-4
PST4-5
PST1-1
PST1-2
PST1-3
PST1-4
PST1-5
PST3-1
PST3-2
PST3-3
PST3-4
PST3-5

400986 4657974

400522
400509
400516
400506
400605

4656970
4656986
4657012
4657056
4657032

400483 4657518
400468 4657540
400503 4657476
400450 4657487
400416 4657517

400177
399986
399985
400137
400079
400046
400145
399984
400111
400039
400373
400236
400293
400350
400333

4656991
4657039
4657014
4657017
4657056
4657193
4657083
4657144
4657227
4657267
4657215
4657193
4657159
4657151
4657233
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Appendix Ill. Transect site locations (points represent middle point between the two
PVC markers demarcating the shoreward corners of the box plots).

Pond Site ID Xcoord Ycoord
Bennett BNT-1 400696 4657021
Bennett BNT-2 400785 4656936
Bennett BNT-3 400804 4656917
Bennett BNT-4 400871 4656919
Bennett BNT-5 400895 4656980
Clapps CL-1 399704 4656140
Clapps CL-2 399893 4656509
Clapps CL-3 400064 4656463
Clapps CL-4 399620 4656236
Clapps CL-5 399616 4656299
Clapps Round 1 CR1-1 399968 4656940
Clapps Round 1 CR1-2 399926 4656932
Clapps Round 1 CR1-3 399986 4656916
Clapps Round 1 CR1-4 399880 4656992
Clapps Round 1 CR1-5 399921 4656974
Clapps Round 3 CR3-1 399818 4656838
Clapps Round 3 CR3-2 399913 4656819
Clapps Round 3 CR3-3 399842 4656792
Clapps Round 3 CR3-4 399866 4656774
Clapps Round 3 CR3-5 399910 4656788
Grassy 1 GR1-1 401784 4658080
Grassy 1 GR1-2 401831 4658146
Grassy 1 GR1-3 401946 4658025
Grassy 1 GR1-4 402033 4658072
Grassy 1 GR1-5 401970 4658109
Grassy 4 GR4-1 402206 4657888
Grassy 4 GR4-2 402189 4657904
Grassy 4 GR4-3 402158 4657945
Grassy 4 GR4-4 402086 4657912
Grassy 4 GR4-5 402119 4657885
Grassy 6 GR6-1 402016 4657946
Grassy 6 GR6-2 401946 4657967
Grassy 6 GR6-3 402030 4657885
Grassy 6 GR6-4 401974 4657910
Grassy 6 GR6-5 401956 4657930
Great GRT-1 400855 4657746
Great GRT-2 400662 4657577
Great GRT-3 400764 4657781
Great GRT-4 400587 4657743
Great GRT-5 400693 4657797
Lily 2 L2-1 401036 4658098
Lily 2 L2-2 400947 4658064
Lily 2 L2-3 401007 4658141

Lily 2 L2-4 400917 4658154



Lily 2

Lily 1

Lily 1

Lily 1

Lily 1

Lily 1

Little Bennett
Little Bennett
Little Bennett
Little Bennett
Little Bennett
P26

P26

P26

P26

P26

Pasteur 4
Pasteur 4
Pasteur 4
Pasteur 4
Pasteur 4
Pasteur 1
Pasteur 1
Pasteur 1
Pasteur 1
Pasteur 1
Pasteur 3
Pasteur 3
Pasteur 3
Pasteur 3
Pasteur 3

L2-5
L1

L2

L3

L4

L5
LBNT-1
LBNT-2
LBNT-3
LBNT-4
LBNT-5
P26-1
P26-2
P26-3
P26-4
P26-5
PST4-1
PST4-2
PST4-3
PST4-4
PST4-5
PST1-1
PST1-2
PST1-3
PST1-4
PST1-5
PST3-1
PST3-2
PST3-3
PST3-4
PST3-5

400859
401092
401025
401163
401196
400986
400522
400509
400516
400506
400605
400483
400468
400503
400450
400416
400177
399986
399985
400137
400079
400046
400145
399984
400111
400039
400373
400236
400293
400350
400333

4658113
4658008
4657922
4657890
4657948
4657974
4656970
4656986
4657012
4657056
4657032
4657518
4657540
4657476
4657487
4657517
4656991
4657039
4657014
4657017
4657056
4657193
4657083
4657144
4657227
4657267
4657215
4657193
4657159
4657151
4657233
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